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(54) ZIRCONIUM-CERIUM BASED COMPOUND OXIDE AND MANUFACTURE OF THE SAME 



PROBLEmVo BE SOLVED: To provide a zirconium-cerium based compound oxide excellent especially in thermal 

s?LUTION*^Th^ zircon^ based compound oxide is a compound oxide containing zirconium and cerium 

wherein (1) a >95 vol.% crystalline phase of the compound oxide consists of cubic crystal of z.rcon.a-cena based 
solid solution and (2) a >75 vol.% cubic crystal ratio can be kept even after such a process .s ^«P^^\«d ^^^T 
more that the compound oxide is thermally treated at 1.000' C and then cooled to a r°°'^,^^"^P^r^'"l^;^"^.!^,', 
method for manufacturing the zirconium-cerium based compound oxide consists of m.x.ng bas.c 
Tth a solution containing cerium ion to form a mixed solution and of adding a base to the mixed solution to form 
a precipitation. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the us of this translation • 

1 .This docmnent has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 




cS the multiple oxide containing a zirconium and a cerium - it is - more than 95 volume % <^m^^^^f^^-^ 
-Ae cubic of the Lonia-Seria system solid solution - it is - (2) - the zircomum-cenum system multiple oxide 
ch*a<^eS b7tl^e cubic ratio con^^ 

temoerature after heat-treating the multiple oxide concerned at 1000 degrees C twice or more [and 1 
3^2^' mdtiple oxide containing a zirconium and a cerium - it is - the initial oxygen ainount of adsorpUon of 
1 .-lo or mTe 8^0micromol-O2/g.CeO - it is - (2) - the zirconium-cerium system niultple oxide c^actenzed 
bv havTng 70% or more of oxygen amount of adsorption of the initial oxygen amount of adsorption concemed after 
r^Sg &e process cooled to a room temperature after heat-treating the multiple oxide concemed at 1 000 degrees C 

PaLTrSpie oxide containing a zirconium and a cerium - it is - the initial ^^y^^l'^^^'f^lf'^^^^ 
i) - two or more 800micromol-O2/g-CeO - it is - (2) - the zirconium-cenum system multiple oxide according to 
claim 1 characterized by having 70% or more of oxygen amount of adsorption of the imtial ^^y^'^^^'ff^., 
aSion concemed after repeating the process cooled to a room temperature after heat-treating the multiple oxide 

concerned at 1 000 degrees C twice or more [ and ] -x: o^^,. 

The zirconi^-cerium system multiple oxide according to claim 1 to 3 whose specific surface area after 
heat-treating amultiple oxide at 1100 degrees C is more than 10m2/g. 

Fciaim ?me zircoSum-cerium system multiple oxide according to claim 1 to 4 whose composition ratio is 10 ■ 70 % 
of the weight as a zirconium oxide as 30 - 90 % of the weight, and a cerium oxide 

^Clairn 6] Furthemiore, the zirconium-cerium system multiple oxide containing at least one sort of the rare earth metal 
rpxrent for a cerium) titanium, and a hafnium according to claim 1 to 5. . . ^i. 

[Claim 7] FurZre: the zirUum-cerium system multiple oxide according to claim 1 to 6 contamed m the range 
which does not exceed 3 % of the weight by making sulfiir into ******. . ^ , • • x^,^ 

ra^ 8^^^^^ method of Ae zirconium-cerium system multiple oxide charactenzed by making precip^te 

Lenmte by adding a base into the mixed liquor concemed after mixing a basic sulfimc-acid zirconium and the solution 

[Qafmtf^T^^^ method according to claim 8 that mixed liquor contains the rare earth metal (except for a 
cerium), titanium, and at least one sort of ion of a hafiiium. 

[Claim 10] Catalyst material for exhaust gas purification containing a zircomum-cenum system multiple oxide 
according to claim 1 to 7. 
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DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

rT?e technical field to which invention belongs] this invention relates to a new zirconium-caium system multiple 
Se a^^'s m^^^^^^ Furthermore, this invention relates to the catalyst matenal for exhaust gas 

purification containing the above-mentioned multiple oxide. 

[Description of the Prior Art] In the three way component catalyst which can remove simultaneously the hydrocarbon, 

S^iISTm dfgJe^ C or more, it is kno™ for L oaulys. conto,ing pUtinm group metals and a cen»m 
oxide that the catalyst performance will tend to deteriorate. , i to^«Arat,irf. rarp 

Si In order to maintain the oxidation reduction property of the cenum oxide under an elevated temp^r^"' 
eaTmlTler than a cerium and/or the oxide of a zirconium are added, and the method of suppressing the 
S^XaLn Jp^^^^^^ (for example, JP,64.58347,A, JP,63.116741,^ etc.). Moreover, a cenm oxid^ ^d a 
SSS o^de L beforehand prepared as a multiple oxide, and using this is also mdicated (for example, JP,62. 

SS^f mpro;^^^^^ 

SS^g S oxide and a zirconium oxide is also indicated (for example, 

IP 5-286772 A JP 9-278444,A, etc.). And the durable temperature to degradation of the stability of specific surtace 
r7aul«i of ^^^^ a catalyst support and a oxidation reduction property miproves by about 1000 

^^eSc:^^^^^^^ 

environmental preservation of earth environment is progressmg. 

rSemfs) to be Solved by the Invention] However, the stability of the specific surface area in the multiple oxide of 
?oooTunder a run of the fixed conditions of an automobile (at the time [ For example Japan ] of 10 mode run) most 

new catalyst material with which may be satisfied of these demands is needed. ..^^^^ solution ****** 

[0008] On the otiier hand, as a process which unifies a caium oxide and a ^"^'^^^^^^J^^^"^^^^ of 
containing the solution which generally contains cerium ion, and zircomum ion is added, and tiiere is a method 

Sd -"SS it is a hill hydroxide, the filtration for removing an impurity or a solid-liquid partition stage is needed 
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for an excess Therefore, the processing speed per time not only becomes slow inevitably but heat energy required for 
^o™orderTcL;^ 

mi»tlind k suitable for manufacture on a industrial scale. j x ^ ^i. 

mmOl So^^s ta^^^^^ is made in view of the trouble of this conventional technology and sets it ^ the main 
p^l?to S'thi zir^^^^ system multiple oxide which was excellent m thermal stability and the 

oxidation reduction property especially. 

[SJii^s for Solving the Problem] As a result of repeating research wholeheartedly this i^^^^^^P^^^^^^^^ 
theZltiple oxide obtained by the specific process discovers a umque property, and came to complete this invention at 

[0012] That is, this invention relates to a following zirconium-cerium system multiple oxide and its following 

rO^SH Te m^iple oxide containing a zirconium and a cerium - it is - more than 95 volume % of (1) crystal ph^e 
^Tlltf Ae^rconia-Seria systm solid solution - it is - (2) - the ^^^^^ 
first invention) characterized by the cubic ratio concerned being more than 75 volume % after repeating the process 
Se^rr room tS^^^^ after heat-treating the multiple oxide concerned at 1000 degrees C twice or more [mid ] 
mo 41 2 rmdSoxide containing a zirconium and a cerium ~ it is - the initial oxygen amount of adsorption of 
a^-- lo t mSooSlmol^^^^^^ - it is - (2) - the zirconium-cerium system multiple oxide (the second 
kLti^Zh^SzedTy having ll% or more of oxygen amount of adsorption of the initial oxygen amount of 
X^tion tncS aSepeatfng the process cooled to a room temperature after heat-treating the multiple oxide 

rnncemed at 1000 degrees C twice or more [ and ] . , . i • • 

fooiln ManXtof^^^ of zirconium-cerium system multiple oxide charactenzed by "taking precipita^^^ 
LenLite by Sding base into the mixed liquor concerned after mixing basic sulfimc-acid zircomum and solution 

[Om 6^ FiS:^rf invention relates to tiie catalyst material for exhaust gas purification wb^^^^ the 
Eum-cerium system multiple oxide of a publication in the 1st term of tiie above, or the 2nd term. 

rFmbLments of the Invention] the multiple oxide in which tiie zirconium-cerium system multiple oxide of tiie &st 
k^nSS^^mTzk^^^^^^ a ceril - it is - more tiian 95 volume % of (1) crystal phase - the ^ubic ^f tiie 
SrrsSs«id solution --it is --(^^ 

treating tiie multiple oxide concerned at 1000 degrees C twice or more (especially 3 times or more), it is charactenzed 

% of r«hlt "^^^^^ oxide. By carrying out tiiis cubic ratio to more tiian 95 volume %, tiie performance 
whi rh was excellent as a catalyst material etc. can be demonstrated. .-^^^a 
moi tlZr^ve X repeatkig tiie process cooled to a room temperatiire after heat-treating *e ^bove-m^tioned 

ox?S 1 0^^^^ dSrees C twice or more, tiie above-mentioned cubic ratio is more tiian 80 volume % prefe ably 
mSa^ 75 voi^^^^^^^ When it follows, for example, tiie above-mentioned process is repeated twice, tiie multiple 
oxide which is witiiin tiie limits oftiie above-mentioned cubic ratio is included by tius mvention 
mn901 Sn^iS^ process heat-treats tiie 5g oftiie above-mentioned multiple oxides at 1000 

Se fo™ urT su^sequLtly takes out a crucible from an electric fiimace, and cames out neglect coolmg to a 
^mtmpera^^^^^^^ 18 degrees C) in a desiccator. THis heating / cooling cycle is repeated twice or more (also m 
tiiP fnllnwina the second invention, and an example, it is the same). 

which tiie zirconium-cerium system multiple oxide oftiie second inv«ition contaii^ a 
S,rSa cli^^^^ is - ttie initial oxygen amount of adsorption of (1) - two or more 800micromol-O2/g-CeO 
7r^^. af£ rZating tiie process cooled to a room temperatiire after heat-treating tiie multiple oxide concerned 
1000 deireesS Sore (especially 3 times or more), it is charactenzed by having 70o/„ or more of oxygen 
amount of adsorption oftiie initial oxygen amount of adsorption concerned [ and ] ... _j ^ore 

[0022] The initial oxygen amounts of adsorption are two or more lOOOmicromol-02/g-CeO preferably two or more 

[Oo'S'rl^^^^^^^ the process cooled to a room temperatiire after heat-tieating tiie above-menti^^^^^^ 

S^oxSeTt 1000 de Jees C twice or more - tiie initial oxygen amount of adsorption concerned - it has 80/o or 
m^fofoxTgLa^^^^^^ 

oxygen amount of adsorption is less tiian 30% in the second invention. 
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r00241 As for the second invention, it is desirable to have the requirements for the first invention fi^er. n^^^^^^ more 
UU24J AS lor me be , zirconia-Seria system sohd solution it is - (2) - after 

^ reatLrSo^I ^idS to a'^m temp^ature after heat-treating the multiple oxide concerned at 1 000 degrees C 
t^'i™X3 3 or more), it is desirable that the cubic ratio concerned is more than 75 volume % 

I c^ltxZtto^ulXrnLssary is to set up tt.e oomposWon ratto i. ttus invenuon su..ably accordmg to 
mm to talSSTote metals (the thW metal) may be contained if needed. For example, titanium besides rare 

rOM The solution which will not be restricted especially if cenum ion (what is generally shown by Ce3+ a^^^ Ce4+) 
StaWv for ex^^^^ was made to dissolve a cerium salt in a suitable solvent cm be used for the solution 
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Sltol sSte 4S -nSS^^^ ion in the aforen,e„.ion«J solution or .o prepare the «,lu«on 
Saiwtion .»Z>nent beforehand, and jua to blend 4us solution vrith the aforementioned so ution or a has c 
rffcn^add aSum when adding the solution containing a sulfate ion. What .s necessary .s to change pH at the 
S^tr^Srfor^ample L making a hydroxide generate as a method of holdmg d,e sulfate ,on of a bas,c 

^d iSd^SlX solution contiuning cerium ion can dete^ine it so " ^J^-T^'c^^^^^^ 

composition ratio. Moreover, what is necessary is just to usuaUy make preferably 80 degrees C or less ot temperanire 

MSi^tiyfatemSa'iasic sulfurie^d zircomum and the solution containing cerium ion. abase is 
a/l/l«1 into the mixed liauor concerned and it is made to generate precipitate. 

mo^mpS^ ?t is not restricted, for example, well-known alkali chemicals, such as a sodium hydrox^e 

SS^^-tTyS^=^-« 

?0?40mri>^SAe sulfate sulfur in a multiple oxide is especially controllable by this invention by changing the 



S4lme generated precipitate is recoverable by the well-known solid-liquid-separation metiiod, aft^ c^ngout 
filSon, riSg, etc. according to the recovery method adopted by the well-known coprecipitation method etc. You 

?Sove400 dT^eS C ki^ o^dizing atoo^here or the atmosphere, although especially baking conditions are not 
^Sct d T^! uppJISu^^ i« '^'^'''^ ''^"^'"'y ^ ^^^^ ^ a desired multiple oxide IS 

SSSwhTisne 

the temperature of a baking object reaches setting temperature, it is just usually about 1 - 8 hours. After baking may 
n«^«rm well-known trituration processing, classification processing, etc. It neeaea. , , „ 

an OSC (oxygen adsorption) structure corresponding to the monitonng of OBD-II regulation. 



Kionl By the manufacture method of this invention, a base is added into the mixed hquor containing a basic 
Ec-SirTo^rrd cerium ion. Neutralization of the sulfate ion in a basic sulfunc-acid zurcomum and the 
mSou (OH )^^^^^ by the base and neutralization of cerium ion and the hydroxide ion advance 

surface area resulting from a zirconium oxide also from influencmg greatiy. 
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Effect of the Invention] By especially the manufacture method of this invention, since a basic sulfimc-acid zirconium 
s S5 2 SmSrmirsor, the high zirconium-cerium system multiple oxide of chemical homogeneity can be 
efJ^^knrmrSed with sufficienfrepeatability, and it is suitable for production on a mdustnd s^^^^^ 
STsinSX zirconium-cerium system multiple oxide of this invention has the hi^structure of chemicd 
hoSS U^^^^^^^ in thermal stability ^d the oxidation reduction property Therefore the outstanding 
SSiity o^^^^ oxidation reduction property are maintainable also to a heating-cooling cycle 

mnSl^Fn; this reason when using this as catalyst material for exhaust gas purification in an internal combustion 
E fa a S-^t^^^^^^^^^ support, etc.). also in the heating-cooling cycle by halt-startmg-acceleration- 

hlof t TZt^^ ?St no change'of the crystal structure, the outstanding oxidation reduction property is 
stabilized, and it can obtain. 

rSolel An example and the example of comparison are shown below, and the feature of tMs invention is clarified 
STHow^^Lr Sn^^^^ is not limited to Ls. examples. The measuring method of each f ys-alWrties^^ 
vie waTp^omed by the following method. In addition, in the zirconium in an example, the hafiuum (1.3 - 2.5 /o of 
the weight as an oxidization hafiiium) is contained as an unescapableunpunty u ^^^viH^ 

m iTinvestigated by the composition ratio ICP-emission spectrochemical analysis of a niultiple oxide. 
2 ll mSSTthe oxygenase method in 600 degrees C using oxygen amount-of-adsotption equipment 
"Multitasking TPD (TPD-l-AT)" (product made fi-om a Japanese bell). 

S^l'StSr.Strnt.tSXrn"^^^^^^^^^^^ *e oxygen amount of adsorp«o„ (0SC2) 

S^std ph™b7"( ng) toSty aa) of the cubic crystal fece (1 1 1 ) of a multiple oxide by the cub.c of a mutopte 

Se oUelengti, ^ (lU) of the cubic costal face (H l)»f 
addition, each intensity was measured using equipment "Oeiger FREX RAp-2C (Rigaku make). 
100521 Cubic latio (volume %) = it measured with the plasma combustion-mfirffled abson-tion method using [la/ 
Si xl00(5)Xe^fur content equipment "HORIBA EMIA-520" (Horiba make . n^o. 
IMMme 1 bi^^^ sulfuric-acid Aconium (86g is contained as a zirconium oxide was distributed in lOOOg 

rfwa^i^SttateSution (88g is contained as a cerium oxide), lanthanum-nitrate solution (18g « »»<^ ' 
toCin^"! nitric-add plastic SEOJIUMU solution (8g is contained as oxid^ahon plastic SEOJIUMU) 

7^S,1^^;l5tfi'^Z7^tSS:^y^ro^'^^ solution was added pH of mixed liquor was ^ to 
13 5 ifd S^e wi oltained. -mfgenerated precipitate was det^ by solid-bquid. and was collected, and the 

S!?Sb^ru^oa??^^--^^^^ 

BET si^rsu^^ heat-treating at 1 100 degrees C for 3 hours was 22m2/g, and flie oxygen amount, of 

m^Z'^^^^^^i^'^"'^ cerium-nitrate solution, lanflianum-nittate solution, and nitric- 

S SlI^MU ^e bTended by the ratio (g) sho™ in Table 1 , and al«, the multiple oxide was produced Ito 

«Sexamdle 1 Eachrateofacubicofeachobtainedmultipleoxidewasmorethan95voume /. 

r0057me oxy^ aSLt of adsorption and a BET specific surface area after heat-treating at degrees C for 3 

E in toe Sfrio after the coi^ition ratio of each multiple oxide, the content of a sulfate sulfla-, the initial 

»;^e^^o2of^*ion, and a heating-cooling cycle and the rate of degradation of the oxygen amount of 

adsorption, and a row are shown in Table 2, respectively. 

[0058] 

[Table 1] 
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[00601 Cerium-nitrate solution (74g is contained as a cerium oxide) and lanthanum-nitrate solution (2g as a lantiianum 
trioxide) were added, and mixed liquor was prepared in example of comparison 1 zirconium-mtrate solution (24g is 
contained as a zirconium oxide), and it added 2g of ammonium sulfates further in it. 25-% of the weight aqu«)us 
ammonia was added into this mixed liquor until pH was set to 10.2, and it was made to generate precipitate. Precipitate 
was detached by solid-liquid and the obtained solid content was calcinated at 660 degrees C among the atmosphwe for 
3 hours As for the crystal phase of this multiple oxide, two kinds of cubics, i.e., the cubic of a multiple oxide and flie 
cubic of a cerium-oxide simple substance were intermingled. Each physical properties of the obtamed multiple oxide 
were investigated like the example 1. The result is shown in Table 3. ■ 
[0061] In example of comparison 2 zirconium-hydroxide solution (84g is contained as a zirconium oxide) cenum- 
nitrate solution (1 1 6g is contained as a cerium oxide) was added, and mixed liquor was prepared m it. 25- /o of the 
weight aqueous ammonia was added into mixed liquor until pH was set to 10.2, and it was made to generate 
precipitate. Precipitate was detached by solid-liquid and the obtained solid content was calcinated at 660 degrees C 
kmong the atmosphere for 3 hours. As for the crystal phase of this multiple oxide, two lands of cubics, i.e., the cubic of 
a multiple oxide, and the cubic of a cerium-oxide simple substance were intermingled. Each physical properties of the 
obtained multiple oxide were investigated like the example 1. The result is shown in Table 3. 



[0062] 
[Table 31 
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[0063] Heating / cooling cycle (heat treatment cycle) examination was repeated 4 thnes about t^^n^^^tiPj^^"^^ 
obtained in example of examination 1 example 1, the example 1 of comparison, and the example 2 of companson. It 
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analyzed by X-ray diffraction for every one heating / cooling cycle about each sample. The result is shown in iiwmg 
1 -3, respectively. Moreover, OSC was measured for every one heating / cooling cycle about each sample. The result is 

r00641 FrSSwfng 1 -3, by repeating a heat treatment cycle shows that the intensity of the peak equivalent to the 
Seria 111) side becomes strong, and the intensity of the peak equivalent to the cubic (1 1 1) side of the z^coma-Sena 
system solid solution is falling by the multiple oxide of the examples 1 and 2 of companson Sintenng of S ena 
^vances and this shows that the catalyst performance is falling. On the other hand, even if it repeats a heat treatment 
cycle, the cubic of the zirconia-Seria system solid solution is dominance, and, as for the multiple oxide of an example 
1 it tums out that generation of pure Seria is prevented and it is stabilizing. ^ ^ . 

[0065] Moreover, by the multiple oxide of the examples 1 and 2 of comparison, by repeating a heat treatment cy cle 
shows that the oxygen amount of adsorption is falling sharply from drawing 4 . On the other hand, m the example 1, it 
tums out that such a fall is not accepted but the performance stabilized comparatively can be demonstrated 
100661 About the multiple oxide obtained in the example of examinaton 2 example 5 the same heating / coolmg cycle 
Oieat ieatment cycle) examination as the example 1 of an examination was performed The result is shown m temg 
5 . Moreover, OSC was measured for every one heating / cooling cycle like the example 1 of an examination. The 

result is shown in drawing 6 . , , . - v ^ 

100671 The cubic of the zirconia-Seria system solid solution is dominance, and drawing^ shows generaUon ot pure 
Seria being prevented and stabilizing, even if the multiple oxide of an example 5 repeats a heat treatoent cycje like^ 
example 1 Moreover, dra wing 6 shows that the sharp fall of the oxygen amount of adsorption is not accepted, but the 
performance stabilized comparatively can be demonstrated in the example 5. 
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[Drawing 6] 
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